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In this paper, to investigate the unique mechanical properties of ultrafine-grained (UFG) metals, 
elementally processes of dislocation-defect interactions at atomic-scale resolution are examined 
by using atomic-level computer simulations. Dislocations, precipitates and grain boundaries are 
considered as lattice defects. Some unique dislocation motions such as cross slips during the 
bow-out motion are observed; these motions are not considered in conventional lattice defect 
theories. Hence, the critical resolved shear stress (CRSS) of each elementally process at the 
nanometer scale cannot be predicted by the conventional theories. Moreover, characteristic 
lengths are introduced for each dislocation-defect interaction phenomenon to compare the 
CRSSs between the elementally processes and it is found that the grain-boundary strengthening 
is more effective than other strengthening mechanisms. Next, unique mechanical properties of 
UFG metals are investigated on the bases of the results of dislocation-grain boundary 
interactions obtained by the atomic simulations. Three unique mechanical properties: 
grain-boundary distribution dependence of the Hall-Petch coefficient, improved fracture 
toughness at low temperatures, and hardening by annealing processes, can be explained by 
taking dislocation-grain boundary interactions with atomic-scale resolution into account. 
Therefore, there is a strong possibility to obtain nanostructured materials with excellent 





























価した．J 積分の経路独立性を確認し，転位まわりに J 積分を適用することで転位に生
じる力（Peach-Koehler 力）を評価できることを確認した． 













































































































	 第 5 章では，本論文で得られた結果を総括した．以上のように，金属材料の強化機構
の素過程を原子レベルの解像度で検討することで，従来の理論では表現できない現象を
明らかにし，さらに，これらの知見に基づき超微細粒材料の特異な力学特性の発現メカ
ニズムに対して検討を加えた．これらの原子レベルの格子欠陥の相互作用メカニズムは，
今後のナノスケールの材料開発において有益な知見を多く与えられると期待できる． 

